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Histamine N-methyl transferase: inhibition by drugs
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Departments of 'Biomedicine and “Surgery, Medical School, University of Pisa, Via Roma 55, 56100 Pisa, Italy

Histamine N-methyl transferase activity was measured in samples of human liver,
brain, kidney, lung and intestinal mucosa. The mean (# s.d.) rate (nmol min~! mg™!
protein) of histamine N-methylation was 1.78 *+ 0.59 (liver, n = 60), 1.15 + 0.38
(renal cortex, n = 8), 0.79 + 0.14 (renal medulla, n = 8), 0.35 *+ 0.08 (lung, n = 20),
0.47 £ 0.18 (human intestine, n = 30) and 0.29 + 0.14 (brain, n = 13).

Inhibition of histamine N-methyl transferase by 15 drugs was investigated in human
liver. The ICs for the various drugs ranged over three orders of magnitude; chloroquine
was the most potent inhibitor.

The average ICs values for chloroquine were 12.6, 22.0, 19.0, 21.6 pum in liver, renal
cortex, brain and colon, respectively. These values are lower than the Michaelis-
Menten constant for histamine N-methyltransferase in liver (43.8 pm) and kidney
(45.5 pMm). Chloroquine carried a mixed non-competitive inhibition of hepatic hista-
mine N-methyl transferase. Some side-effects of choroquine may be explained by
inhibition of histamine N-methyl transferase.
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Introduction

Treatment with chloroquine, a potent inhibitor of
histamine N-methyl transferase, is often associated with
gastrointestinal, neurological and dermatological side-

effects (Martindale, 1989). Beaven & Shaff (1979),

Mehler et al. (1952), Schayer (1952) and Tachibana et
al. (1986) have observed that histamine N-methyl trans-
ferase is quantitatively more important than diamino
oxidase in the metabolism of histamine in different
animal tissues. Drugs inhibit to different extents the
activity of histamine N-methyl transferase in animal
tissues (Barth & Lorenz, 1978; Barth et al., 1975; Beaven,
1982; Beaven & Shaff, 1979; Cumming et al., 1990;
Duch et al., 1978, 1980, 1984; Futo et al., 1990; Harle &
Baldo, 1988; Tachibana er al., 1988; Thithapandha &
Cohn, 1978) and chloroquine is among the most potent
inhibitors (Tachibana et al., 1988). Currently little is
known about the inhibition of human histamine N-
methyl transferase by drugs. Van Loon er al. (1985)
observed that amodiaquine is a non-competitive inhibitor
of histamine methylation in human erythrocytes.

Three methyl transferases have been described and
they are defined with respect to the functional moiety of
the substrates that are methylated (O-methyl transferase,
N-methyl transferase and S-methyl transferase). These

enzymes share the co-substrate S-adenosyl-L-methionine

(SAM) which is the methyl donor (Asano et al., 1984;
Zappia et al., 1969).

The tissue distribution of S-methyl transferases has
been described in man (Pacifici et al., 1991a,b,c),
whereas little is known of the distribution of N-methyl
transferase (Hesterberg et al., 1984). Two isoenzymes of
N-methyl transferase, referred to as N-methyl transferase
A and B, have been isolated from rabbit liver (Ansher &
Jakoby, 1990). Histamine N-methyl transferase seems
to differ from transferases A and B in its specificity
(Brown et al., 1959; Thithapandha & Cohn, 1978). We
describe the distribution of histamine N-methyl trans-
ferase in human tissues and its inhibition by drugs.

Methods
Chemicals

Labelled adenosyl-L-methionine-S-[methyl (**C)] (speci-
fic activity 58 mCi mmol !, radiochemical purity = 98.6,
SAM) was obtained from Du Pont NEN Research
Products (Florence, Italy). Dithiothreitol (DTT),
histamine, pargyline, Tris (Tris-hydroxymethyl amino-
methane), glycine and bovine serum albumin (BSA)
were purchased from Sigma Chemical Co. (St Louis,
MO, USA). Potassium phosphate monobasic, potassium
phosphate dibasic, sodium hydroxide, toluene, isoamyl
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alcohol, perchloric acid and dimethylsulphoxide
(DMSO) were purchased from Carlo Erba (Milan,
Italy). The following drugs were gifts: chloroquine HCI
and hydroxychloroquine HCl (Bayer, Milan, Italy),
chloroguanil-HCl, primaquine phosphate, proguanil
HCl and pyrimethamine, (ICI, Macclesfield, UK),
promethazine, chlorpromazine and trimethoprim
(Farmitalia Carlo-Erba, Milan, Italy), tripelennamine
HCl (Ciba-Geigy, Saronno, Italy), metoclopramide
HCI (Sharper, Milan, Italy), ranitidine HCl (Guidotti,
Pisa, Italy), cimetidine (Smith Kline & French, Milan,
Italy) and clomiphenecitrate (Lepetit, Milan, Italy).

Biological material

Wedge liver specimens were obtained from 23 men and
37 women (aged between 22 and 80 years) undergoing
cholecystectomy. Material surplus to that required for
histological analysis was made available for our study.
The liver specimens included in the study had normal
cell architecture. Specimens of human lung were obtained
from 2 women and 18 men (aged between 27 and 74 years)
undergoing lobectomy for removal of a tumour. A
specimen of normal tissue adjacent to the tumour was
made available for our study. Of the 20 lung tissue
donors, 7 were smokers and 13 were ex-smokers. An ex-
smoker was defined as an individual who ceased smoking
at least 6 months before surgery. Specimens of human
kidney were obtained from three women and five men
(aged between 32 and 75 years) undergoing renectomy
for removal of a tumour, the volume of which was
limited and left intact at least 2/3 of the architecture of
the kidney. The renal cortex was isolated from the
medulla immediately after resection of the tissue.
Specimens of normal kidney adjacent to the tumour
were made available for our study. Samples of intestinal
mucosa were obtained from 14 men and 16 women aged
between 22 and 74 years. The intestine was surgically
removed because of a tumour. The mucosa was isolated
from a normal part of the intestine adjacent to the
tumour within 10 min after resection of the tissue. Ten
of the gut donors underwent right hemicholectomy and
the mucosa was isolated from the last portion of the
ileum and the first part of the ascending colon. Specimens
of human brain were obtained at surgery for removal of
a tumour. Part of the normal cerebral tissue adjacent to
the tumour was made available for our study. Brain
donors were three women and nine men aged between
52 and 74 years. A woman 52 years old (frontal cortex
donor) received valproic acid (1 g day ') for the 2 weeks
preceding surgery. A man 66 years old (occipital cortex
donor) was treated with phenobarbitone (100 mg
day~!) over several years, whereas a woman 63 years
old (parietal cortex donor) was under chronic treatment
with anti-depressants. A specimen of frontal cortex and
subcortex was obtained from a 60 year old woman.
Tissue specimens were frozen immediately and stored at
—80° C.

Subcellular isolation
Specimens of liver and brain (0.2-0.5 g) and of kidney,

lung and intestinal mucosa (2 g) were homogenized in 5
volumes 0.25 M sucrose. Liver and brain tissue was
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dispersed using a glass-Teflon homogenizer. Samples of
kidney, lung and intestinal mucosa were homogenized
using a Polytron S-10 (Kinematica, Luzern, Switzerland)
at power setting 4 (3 X 5s). The homogenates were re-
homogenized using a glass-Teflon homogenizer and then
filtered through gauze. The homogenates were then
centrifuged at 12,000 g for 15 min and the resultant
supernatants were centrifuged again at 105,000 g for 1 h.
The final supernatants were divided into aliquots, stored
at —80° C, and investigated as the cytosolic fraction.

Histamine N-methyl transferase assay

The activity of histamine N-methyl transferase was
measured by a radiometric assay based on the use of
[**C]-SAM. The method was a combination of those
described by Van Loon et al. (1985) and Harvima et al.
(1988). The final incubation volume was 100 pl and the
assay was performed in Eppendorf tubes. The incubation
mixture consisted of 200 uM potassium orthophosphate
buffer (pH 8.5), 300 w.M histamine, 12 pm SAM (150,000
counts min~'), 1 mm pargyline and an aliquot of the
cytosolic fraction diluted 100-fold in a solution containing
0.66 mg BSA and 1.56 mg DTT ml~* of 5 mm potassium
orthophosphate buffer (pH 7.4). The final concentration
of the cytosolic protein in the incubation mixture ranged
from 10-25 ug ml~! incubate. The reaction was started
by the addition of histamine, carried out at 37° C for 30
min and then stopped by the addition of 20 pl of 2.5 M
perchloric acid. Aliquots (20 pl) of 10 M sodium hydroxide
and 1 ml toluene/isoamyl alcohol (4:1 v/v) were added and
the tubes were rotated at 40 rev min~! for 20 min and
then centrifuged at 800 g for S min. An aliquot (0.5 ml)
of the organic phase was transferred to scintillation vials
containing 3 ml scintillator (Emulsifier Scintillator 299,
Packard, Milan, Italy). The radioactivity was measured
using a Beckman model LS 1701 scintillation counter.
Each sample was assayed in duplicate accompanied by
two controls without histamine. The activity of histamine
N-methyl transferase was measured after correction for
control values on the basis of the specific activity of
[**C]-SAM. For the kinetic study, the concentration of
histamine ranged between 18.75 and 300 pM and the
concentration of SAM was kept constant at 12 pm.
Alternatively, the concentration of SAM ranged between
0.75 and 12 pM and the concentration of histamine was
kept constant at 300 pm.

The inhibition by drugs of histamine N-methylation
was investigated in a pilot study using three concentrations
of drug covering a 100-fold range. After identification of
the appropriate range of inhibitor concentrations, a final
study was performed with 5 to 7 concentrations of the
inhibitor, each being one half of the next one. All drugs
were tested with the same liver samples whose donors
were one woman 42 years old and two men 39 and 69
years old. The inhibitors were dissolved in water with
the exception of promethazine, chlorpromazine,
cimetidine, trimethoprim and pyrimethamine, which
were dissolved in DMSO and added in a 5§ pl volume to
the incubation mixture. Controls contained DMSO only,
which had no effect on the enzyme activity. The type
of inhibition caused by chloroquine was determined by
studying varying concentrations of histamine in the
presence or absence of chloroquine.
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Protein concentration was measured as described by
Lowry et al. (1951).

Calculations

Values of K, and V., were estimated from Eadie-
Hoffstee plots and calculated using the ENZPACK
program (Elsevier Biosoft). ICs, values were computed
using the program ‘Dose, effect, binding and kinetics’
(Elsevier Biosoft). Differences in the activity of hista-
mine N-methyl transferase between renal cortex and
medulla and between ileum and colon were assessed by
Student’s t-test for paired data.

Results

The otpimal assay conditions for the methylation of
histamine were determined initially. The reaction was
linear over 40 min of incubation and, at least, up to a
cytosolic protein concentration of 50 p.g ml~! incubation.
The optimum pH was 8.5. The activity of histamine
methylation was measured in 60 specimens of human
liver, in eight specimens of human renal cortex and
medulla, in 20 specimens of human lung and in 30
specimens of intestinal mucosa (Figure 1). Histamine N-
methyl transferase activity was not related to the age or
sex of the tissue donor. Hepatic histamine N-methyl
transferase activity showed a 4-fold range with a co-
efficient of variation of 33% . Smoking did not affect the
activity of histamine N-methyl transferase in human
lung. Histamine N-methyl transferase activity was
significantly (P < 0.01) higher in renal cortex than
medulla, whereas it was not different in ileum and colon.
Table 1 summarizes the activity of histamine N-methyl
transferase in different areas of the human brain. The

3
2 e +
i }é'o %& 1 .78 + 0.59

Z

2

S

]

a

8~ L o9 ’

‘2 |

n >

§ 3

Ze b

(3] a

EE

2 £ 04} {

2c ] . <—0.35 + 0.08

g

% 0.2}

I
1 L 1 1 a
20 40 60 80

Age (years)

Figurel Histamine N-methyl transferase activity in a) human liver (n =

rate of histamine N-methylation was similar in the
various brain specimens investigated including the
specimens of frontal cortex (F 52) and occipital cortex
(M 66) whose donors were treated with valproic acid and
phenobarbitone. Histamine N-methyl transferase activity
in cortex was 50% greater than in medulla.

Enzyme kinetics were studied in three specimens of
liver and kidney and Table 2 summarizes the kinetic
parameters. The Michaelis-Menten constant measured
at varying concentrations of histamine or SAM was
similar in liver and kidney, whereas the maximum rate
of reaction was about 50% higher in liver than kidney.

Figure 2 shows the effects of 15 drugs on the methyla-
tion rate of histamine. Table 3 summarizes the ICs
values. The most potent inhibitor was chloroquine, the
ICso of which was 2 to 3 times lower than the K,, for
histamine N-methyl transferase. The inhibitory effect of
chloroquine observed in liver was similar to that in renal
cortex, brain and intestinal mucosa (Table 4). The
mechanism of inhibition by chloroquine was studied in
three liver samples. The results of a representative ex-
periment are shown in Figure 3 and the kinetic parameters
for all livers investigated are summarized in Table 5.
Chloroquine increased the Michaelis-Menten constant
and decreased the maximum velocity of the reaction, in-
dicating a non-competitive mixed inhibition.

Discussion

Histamine N-methyl transferase was measurable in all
tissue specimens assayed. Liver samples catalysed the
methylation of histamine at a rate 50% higher than those
from the kidney, whereas the average activity in in-
testinal mucosa, lung and brain was 3 to 5 times lower
than the hepatic activity. Thus, histamine N-methyl
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60), b) lung (n = 20), c) kidney (» = 8) and d) intestinal

mucosa (n = 30). b) Squares and circles refer to smokers and ex-smokers, respectively. c) Circles and triangles refer to renal
cortex and medulla, respectively. d) Circles and squares refer to ileum and colon, respectively. a,b,c,d) Filled and unfilled
symbols refer to men and women, respectively. Numbers refer to means * s.d. of enzyme activity.
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Table1 Activity of histamine N-methyl transferase in different areas of the human

brain
Age Histamine N-methyl transferase activity
Sex (vears) Brain specimen (nmol min=! mg=!)
M 55 Frontal cortex 0.14
F 52 Frontal cortex 0.29
M 74 Frontal cortex 0.25
F 60 Temporal cortex® 0.32
M 47 Temporal cortex 0.73
M 54 Temporal cortex 0.24
M 58 Temporal cortex 0.21
F 61 Temporal cortex 0.34
M 63 Temporal cortex 0.25
F 60 Temporal subcortex® 0.23
M 63 Parietal cortex 0.19
M 66 Occipital cortex 0.21
M 56 Cerebellum cortex 0.36
Mean 0.29
+s.d 0.14
2Cortex and subcortex were from the same donor.
Table 2 Kinetic parameters for histamine N-methyl transferase a
in human liver and kidney. Variable histamine: histamine 100“-
concentration 18.75-300 um; constant SAM 12 um. Variable @
SAM: SAM concentration 0.75-12 puM; constant histamine 300 pm sof S Q
Liver 60}
Variable histamine Variable SAM
Age 40
Sex (vears) Kn? Vax® Kn? Ve’ 2ok
M 39 37.8 3.28 4.95 2.95 \ , )
F 42 41.8 3.58 4.57 3.08 10-6 10-5 0-4
M 69 52.0 4.11 7.05 3.08
Mean 43.9 3.66 5.52 3.04
+s.d. 60 034 1.09 0.06 1‘:
Kidney 1001 9}
Variable histamine Variable SAM s  sob
Age £
Sex (years) Kn? Vimar® Kpn? Vinax® § 60}
F 63 43.3 2.62 3.28 2.52 S 4o}
M 61 41.4 1.65 3.02 1.63 R
M 57 51.9 1.53 4.23 1.52 20f
Mean 45.5 1.93 3.51 1.89 — L — 1'0_3 >
+5.d. 46 049 0.52 0.45 510 10
2uM; ®nmol min~! mg~! c
100%
® ®
Table 3 ICsg values for the inhibition of histamine N-methyl 801
transferase by different drugs (mean =+ s.d. values for three livers) 60k
Drug ICso (107° M) 2ok
Chloroquine 13.5+ 4.1
Hydroxychloroquine 226 +7.8 201
Pyrimethamine 25.5+7.1 N 1 L,
Promethazine 224 £ 24 1074 10-3 1072
ghlorog'flanil 23(3) f ;13(2)7 Inhibitor concentration (M)
T;(i)lfel:lzlr:lnamine 515 + 59 Figure2 The effects of various drugs on the activity of hepatic
Metoclopramide 657 + 28 histamine N-methyl transferase. a) The circled numbers 1, 2
Ranitidine 1350 + 9% and 3 refer to pyrimethamine, hydroxychloroquine and
Primaquine phosphate 1470 T 17 chloroquine, respectively. b) The circled numbers 1, 2, 3,4 and
Ranitidine 1350 + 80 5 refer to tripelennamine, promethazine, chlorpromazine,
Cimetidine 3086 Z 448 proguanil and chlorproguanil, respectively. c) The circled
Trimethoprim 8570 + 700 numbers 1, 2, 3, 4 and 5 refer to metoclopramide, ranitidine,
Chlorpromazine Not measurable primaquine, cimetidine and trimet'hoprim, rgspective!y. Ifoints
Clomiphene Not measurable represent average data for three livers; vertical bars indicate

2 X s.d. of the mean.
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Table 4 Inhibition of histamine N-methyl transferase in different human tissues by chloroquine
ICsq values (um)
Age Age Age Age
Sex (years) Liver Sex (years) Renalcortex Sex (years) Brain Sex (years) Colon
M 39 19.5 F 63 26.9 M 47 18.2 M 69 16.2
F 64 10.8 M 61 23.6 M 56 25.4 F 67 22.1
F 43 9.7 M 57 21.8 F 61 17.5 F 62 16.2
F 42 10.3 M 55 15.7 F 62 14.9 M 51 321
Mean 12.6 22.0 19.0 21.6
+s.d. 4.6 4.6 4.5 7.5
Brain: the cases M 47 and M 61 refer to temporal cortex. The cases M 56 and F 62 refers to cerebellum cortex and
frontal subcortex, respectively.
~ a b human skin one tenth of that shown for liver and kidney
2 5 ) 3 in the present study. These different K,, values might
- reflect the presence of endogenous inhibitors or a tissue-
>c 2 (2) 2 dependent affinity for the physiological substrate of
E . @) : histamine N-methyl transferase.
‘E’ (3) The interaction of drugs with histamine N-methyl
£ 76 150 300 s) 0.020.04 006008 " vis transferase has been described in rodents (Barth et al.,
Histamine v { nmol min~" mg~" 1975; Barth & Lorenz, 1978; Beaven & Shaff, 1979;
concentration (p.m) s\ 7w Duch et al., 1978, 1980, 1984; Harle & Baldo, 1988;

Figure 3 Effect of different concentrations of chloroquine on
the histamine N-methyl transferase activity in a liver sample
from a single donor (male, 39 years old). The numbers 1, 2
and 3 refer to the concentrations of chloroquine in the
incubation mixture (0, 6.25 and 25 pM, respectively). a) Rate
vs substrate concentration plot and b) Eadie-Hoffstee plots.

transferase has in keeping with previous data from
animals (Beaven, 1982) and man (Hesterberg et al.,
1984), ubiquitous distribution in the body.

Since histamine is a neurotransmitter it was of interest
that brain had the lowest activity of histamine N-methyl
transferase. The highest concentrations of histamine
have been found in the hypothalamus and area postrema
(Bloom, 1990), which are not surgically removable.
Thus, we do not know whether the activity of histamine
N-methyl transferase in these areas is different from that
in the areas that were assayed. Treatment with valproic
acid and phenobarbitone appeared to have no effect on
human brain histamine N-methyl transferase, whereas,
in the same specimens, these drugs greatly induced the
rate of 1-naphthol glucuronidation (Viani et al., 1990).

The Michaelis-Menten constant for histamine was
similar in human liver and kidney and it was also similar
to that for guinea pig brain (Thithapandha & Cohn,
1978). Francis et al. (1980) reported a K,, value for

Tachibana et al., 1988; Thithapandha & Cohn, 1978).
Van Loon et al. (1985) observed that amodiaquine
inhibited human erythrocyte histamine N-methyl trans-
ferase, the only investigation with human material. For
some of the drugs studied, such as the antimalarials
chloroquine, hydroxychloroquine and pyrimethamine,
the ICso values were lower than the plasma drug concen-
trations associated with therapeutic effect. The 1Csos
for trimethoprim, cimetidine, primaquine phosphate,
ranitidine, metoclopramide and tripelennamine were
higher than the expected therapeutic concentrations and
it is unlikely that these drugs inhibit the N-methylation
of histamine in vivo. Chloroquine and pyrimethamine
were potent inhibitors of histamine N-methyl transferase
despite their different molecular structures. Trimethoprim
was not an inhibitor although its chemical structure
resembles that of pyrimethamine.

The inhibitory effect of chloroquine was similar in
liver, kidney, brain and intestinal mucosa. It is possible
that some of the many side-effects of chloroquine are
related to increase in tissue histamine consequent to
inhibition of histamine N-methyl transferase. Thus,
chloroquine and amodiaquine, potent inhibitors of
histamine N-methyl transferase, cause side-effects at
therapeutic dosages, whereas proguanil, chloroguanil,
primaquine and trimethoprim are well tolerated at normal
therapeutic doses (Martindale, 1989).

Table 5 Kinetic parameters for histamine N-methyl transferase in the
presence and absence of chloroquine. The concentration of histamine ranged
between 18.7 um and 300 uM, whereas the concentration of SAM was constant

at 12 pm
Age Control Chloroquine6.25 .m  Chloroquine 25 pm

Sex (vears) Kp* Vpo® K Voasl Kn? Vomax?
F 35 26.0 4.77 78.0 4.00 107 2.47
M 39 37.8 3.28 64.9 2.44 138 1.96
M 64 520 4.11 86.3 2.67 301 2.45
Mean 38.6 4.05 76.4 3.04 182 2.29
+s.d. 10.6 0.61 8.81 0.69 85.1 0.23

3uM; ®nmol min~! mg~1.



The non-competitive mixed inhibition of histamine N-
methyl transferase by chloroquine in human liver is in
accord with the effect of amodiaquine in human erythro-
cytes (Van Loon et al., 1985). In contrast, all of the
inhibitors tested including chloroquine competitively
inhibit histamine N-methyl transferase in guinea pig skin
(Tachibana et al., 1988). Chloroquine as well as the
other inhibitors studied do not undergo methylation.

References

Ansher, S. & Jakoby, W. (1990). N-Methyltransferases. In
Conjugation reactions in drug metabolism, ed. Mulder, G.
J., pp. 233-248. London: Taylor & Francis Ltd.

Asano, Y., Woodard, R. W., Houck, D. R. & Floss, H. G.
(1984). Stereochemical course of the transmethylation
catalyzed by histamine N-methyltransferase. Arch. Biochem.
Biophys., 231, 253-256.

Barth, H., Lorenz, W. & Troidl, H. (1975). Effect of amodia-
quine on gastric histamine methyltransferase and on
histamine-stimulated gastric secretion. Br. J. Pharmac., S5,
321-327.

Barth, H. & Lorenz, W. (1978). Structural requirements of
imidazole compound to be inhibitors or activators of
histamine methyltransferase: investigation of histamine
analogues and H,-receptor antagonists. Agent & Actions,
8, 359-365.

Beaven, M. (1982). Factors regulating availability of histamine
at tissue receptors. In Pharmacology of histamine receptors,
eds Ganellin, C. R. & Parsons, M. E., pp. 103-145. Bristol,
London, Boston: Wright PSG.

Beaven, M. A. & Shaff, R. E. (1979). New inhibitors of
histamine N-methyltransferase. Biochem. Pharmac., 28,
183-188.

Bloom, F. E. (1990). Drugs acting on the central nervous
system. In The pharmacological basis of therapeutics, eds.
Goodman Gilman, A., Rall, T. W., Nies, A. S. & Taylor,
P., pp. 244-268. New York, Oxford, Tokyo, Toronto:
Pergamon Press.

Brown, D. D., Tomchick, R. & Axelrod, J. (1959). The
distribution and properties of a histamine methylating
enzyme. J. biol. Chem., 234, 2948-2950.

Cumming, P., Reiner, P. B. & Vincent, S. R. (1990). Inhibition
of rat brain histamine-N-methyltransferase by 9-amino-
1,2,3,4-tetrahydroquinoline (THA). Biochem. Pharmac.,
40, 1345-1350.

Duch, D., Bacchi, C., Edelstein, M. & Nichol, C. (1984).
Inhibitors of histamine metabolism in vitro and in vivo.
Biochem. Pharmac., 33, 1547-1553.

Duch, D., Bowers, S. & Nichol, C. (1978). Elevation of brain
histamine levels by diaminopyrimidine inhibitors of hista-
mine N-methyltransferase. Biochem. Pharmac., 27, 1507-
1509.

Duch, D., Edelstein, M., Bowers, S. & Nichol, C. (1980).
Inhibition of histamine N-methyltransferase (HMT):
structure-activity studies. Fed. Proc., 39, 2984.

Francis, D., Thomson, M. & Greaves, M. (1980). The kinetic
properties and reaction mechanism of histamine methyl-
transferase from human skin. Biochem. J., 187, 819-828.

Futo, J., Kupferberg, J. P. & Moss, J. (1990). Inhibition of
histamine N-methyltransferase (HNMT) in vitro by neuro-
muscular relaxants. Biochem. Pharmac., 39, 415-420.

Harle, D. & Baldo, B. (1988). Structural features of potent
inhibitors of rat kidney histamine N-methyltransferase.

Histamine N-methyl transferase 327

Therefore, the inhibition cannot be explained by com-
petition for substrates. It remains to be seen whether
chloroquine inhibits histamine N-methyl transferase
only or if such an inhibition also occurs with the other
isoenzymes catalysing the methylation of amines.

This work was supported in part by the Italian Association for
the Study of Cancer.

Biochem. Pharmac., 37, 385-388.

Harvima, R., Harvima, I. & Fraki, J. (1988). Optimization of
histamine radio enzyme assay with purified histamine N-
methyltransferase. Clin. Chim. Acta, 171, 247-256.

Hesterberg, R., Sattler, J., Lorenz, W., Stahlknecht, C. D.,
Barth, H., Crombach, M. & Weber, D. (1984). Histamine
content, diamino oxidase activity and histamine methyl-
transferase activity in human tissues: facts or fictions.
Agents & Actions, 14, 325-334.

Lowry, O. H., Rosebrough, N., J., Farr, A. L. & Randall,
R. J. (1951). Protein measurement with the Folin phenol
reagent. J. biol. Chem., 193, 265-275.

Martindale (1989). Antimalarials. In The Extra Pharmacopea,
29th edition, pp. 505-521. London: The Pharmaceutical
Press.

Mehler, A., Tabor, H., & Bauer, H. (1952). The oxidation of
histamine to imidazoleacetic acid in vivo. J. biol. Chem.,
197, 475-480.

Pacifici, G. M., Romiti, P., Giuliani, L. & Rane, A. (1991a).
Thiopurine methyltransferase in humans: development and
tissue distribution. Dev. Pharmac. Ther., 17, 16-23.

Pacifici, G. M., Santerini, S., Giuliani, L. & Rane, A. (1991b).
Thiol methyltransferase in humans: development and tissue
distribution. Dev. Pharmac. Ther., 17, 8-15.

Pacifici, G. M., Santerini, S. & Giuliani, L. (1991c). Methylation
of captopril in human tissues. Xenobiotica, 21, 1107-1112.

Schayer, R. W. (1952). The metabolism of ring-labelled
histamine. J. biol. Chem., 196, 469-475.

Tachibana, T., Taniguchi, S., Fujiwara, M. & Imamura, S.
(1986). Regulation of the activity of histamine N-methyl-
transferase from guinea pig skin by biogenic amines. Exp.
Mol. Path., 45, 257-269.

Tachibana, T., Taniguchi, S., Imamura, S., Fujiwara, M. &
Hayashi, H. (1988). Effects of drugs on the activity of
histamine N-methyltransferase from guinea pig skin.
Biochem. Pharmac., 37, 2872-2876.

Thithapanda, A. & Cohn, V. H. (1978). Brain histamine N-
methyltransferase purification, mechanism of action and
inhibition by drugs. Biochem. Pharmac., 27, 263-271.

Van Loon, J., Pazmino, P. & Weinshilboum, R. (1985).
Human erythrocyte histamine N-methyltransferase: radio-
chemical microassay and biochemical properties. Clin.
Chim. Acta, 149, 237-251.

Viani, A., Temellini, A., Tusini, G. & Pacifici, G. M. (1990).
Human brain sulphotransferase and glucuronyl-transferase.
Human exp. Toxicol., 9, 65-69.

Zappia, V., Zydek-Cwick, C. R. & Schlenk, F. (1969). The
specificity of S-adenosylmethionine derivatives in methyl
transfer reactions. J. biol. Chem., 244, 4499-4509.

(Received 15 November 1991,
accepted 2 April 1992)



